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SUM4ARY

The effects of outdoor weathering for
weathering test on the weight, dimension.
properties of selected reinforced plastics

and F. W. Reimhart

2 yetis ti of an accelerated
stability, and flexural
were investigated. The

results of all tests, both in this report and the Qrevious report
(NACA TN No. 1.2~), indicate that none of the laboratory aging tests
correlated with outdoor weathering with respect to all properties and
all materials.

INTRODUCTION
+’

This report supplements information given in a previous report on
this ssme subject (reference 1). The results of a 2-year outdoor
weathering test and an accelerated weathering test (Method 6023,
reference 2) on the weight, dimensional stability, and flexural prop-
erties of selected rei.dorced plastios are.presented.

This investigation, conducted at the National Bureau of S~ds,
was sponsored by and conducted with the financial assistance of the
National Advisory Com.uitteefor Aeronautics.

MATERIALS AND TEST EROCEMJRES

The materials tested were the same as those used in the tests
previously reported in reference 1. A description of the material+
is given in table 1, which has been reproduced from reference 1 for
convenience. The dimensions of the specimens were also the same as

> those described in reference 1.

The 2-year outdoor weathering test was a continuation of the
~ l-year test previously reported (reference 1). —

.



2 NACA TN No. 1438

The accelerated weathering test was made in accordance with Method
No. 6023 of Federal Specification L-P-406a (reference 2). This test
Involves exposure to cycles ofk=oaking, freezing, drying, emd radiation
rich in ultraviolet-light. The conditions used in this testiare as
follows:

(a) 24 hours at 100° F (3Y C) over water
(b) 4 hours at—70° F (-57° C)
(c) 16 hours at 1600 F (71° C)

-—

(d) khours of exposure to ultraviolet radiatfon

In (a) the condition was obtained by suspending the specimens
individually over water in 8-ounce bottles. In (b) and (c) the low
and high temperatures were attained by placing the syeclmens in a low-
temperature test cabinet and In a circtiat~-air oven, respectively.
In (d) the source of ultraviolet radiation was an S-1 bulb in a sunlsmp,
as specified in Method No. 6021 of reference 2. During this part of the
cycle the specimens were turned end.for end every 2 hours to obtdn more
uniform exposure to the radiation over the entire length. The bolts and
nuts above the disk were arranged so as tc-be suitable for holding the
1- by 3-inch specimens.

The weight and dimensions of one set otispectins were measured
within 10 minutes after the conclusion of 1, 3, 5, and 10 cycles. The
flexural properties were determined on other sets at the end of 5 and
10 cycles, respectively after conditioning at–y~ F and 50-percen&.
rC31B,tiV0humidity for 46 hours.

RESULTS AND DISCUSSION

Weight and Dimensional.Changes

The percentage changes in weight, length and width, and thickness
of the materials on exposure to the 2-year outdoor weathering smd
accelemted weathering tests are shown in table II. Inmost Instances
the percentage changes in weight, length, width, and thiclmess decreased.
Of those showing increases, most-were observed in thickness.

Comparing the accelerated service tests ~eneral~, test Iv caused the
greatest changes followed by accelerated weathering test 6023; it is
ti be noted, however, that the effects of accelerated tast% are different
from the outdoor weathering testras shown by the differences in the
rankings (table III) for the outdoor and for the accelerated service
tests.

The relative weight and dimensional stalility of the various
materials are shown in table III. The results of aging tests shown in
table V of reference 1 are incorporated into this table tor c-trnparison.
The rating method is the same as used In reference 1.
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Changes in FlexUral Roperties

The percentage changes in flexmal strength, flexural mdulus of --

elasticity, and maximum deflection in flexure of ths materials on
exposure to the 2-year outdoor weathering and accelerated weatheri~.
tests are shown in table TV.

Considering the tests shown in table IV of reference 1 @ table IV
of the present report, the 10-cycle accelerated service test IV gives
percentage changes in flexural strength of approximately the se.qe@er
of magnitude as the 2-yesx outdoor weathering and.is the most severe of
the agiqa procedures with respect to changes in flexural strength.
However, the rankings of different materials for the outdoor weathering
and accelerated weathering test IV are not in concordance.

The relative retention of flemral strength by the various materials
is shown in table III. The aging tests shown In table V of reference.1
are incorporated into this table for comparison. The rating method is
the ssme as used in reference 1.

Correlation of Laboratory Aging Tests i

with Outdoor Weathering

Correlation coefficients of rank were obtained by comparing the
rankings of the plastics for the accelerated weathering tests with the
rankings for the outdoor weathering tests. No accelerated weathering
tests correlated with the outdoor weathering tests sufficiently welJ
to be regarded in any way as a useful substitute. It is worth noti~
that the five accelerated service tests show concordance ammg themselves
ta a statistically significant extent, though they do not reproduce the
ranking of the outdoor weathering tests. >.— —.

CONCILEION

A comparison of the degree of correlation of the results obtained
in the various laboratory aging procedures with those observed in the
1- and 2-year exposure tests out of doors, confirms the previous con- ,
elusion that none of the laborato~ tests @ve results with an the
materials and for all the properties which correlate with the results
of outdoor weathering.

National Bureau of Standards .

Washington, D. C., April 16, 1941’
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TKELEI1.—EWJ?GESINWEIGHTMD DIMENSIONSOF Z!USTICS~G

omOOR 111’mAcCEmATEo wEMcBERINGmm

wti::iw Chaw3es durhg accelerated

Material
weatherx test

weatheringtest, (b)
desig-
nation (~e~~) 1 3 .5 10

(P%:%) (p%:)
cycles cycles

(percent) (peroent)

Wei@t

Al -1.05 -2.26 -3.10 -3.44 -~;;:
Blc 1.63 -*73 -.62 -.65
Bld 1.68 -*79 -.76 -.81 -.98
cl 1.52 -.85 -.87 -.97 -1.13
D1 .30 -1.34 -1.70 -1.88
m -.49 -.34 -.43

-2.10
-.47 -.56

F1 -.22 - -1.50 -1.85 -2.00 -2.26
B3. -.20 -1.27 -1.38 -I.69 -1.93
n -.79 -1.70 -2.25 -2.47 -2.74
n -.92 -1.42 -1.88 -2.12 -2.42
K1. -.84 -1.22 -I.36 -1.38 -1.36

Imgth and Width

Al -0.18 -0.26 ~ S: -0.44 -0.5h
Blc -.16 -.14 -.16 -.18
~d -.20 -.14 -.14 -.14 -.20
c1 -.16 -.08 -.10 -.10 -.08
D1 -.12 -.16 -.20 -.23 -.30
El .02 .00 .00 .00 .00
F1 -.22 -.20 -.24 z .28 -.36
Hl -.18 -.19 -.26 -.29 -.38
11 -.12 -.16 -.22 -.26 -.15
J1 -.11 -.14 -.20 -.22 -.30
Kl -.10 -.07 -.08 -.07 -.13

Thiolmess

Al 0.46 -0.04 -0.04 0.08 -0.35
BIC 4.33 .22 .53 .63 .44
Bld 4.85 .27 .43 .71 .41
c1 4.06 .03 .14 .27’ -.02
D1 1.10 -.18 -m. -.13 -.41
m .39 .28 .10 .10 -.19
F1 1.17 -.19 -.08 -.14 -2.18
HI- .96 .I.l .02 .12 -.09
11 -.05 -.13 -.24 -.13 -.24
J1 -.03 -.08 -.05 -.19 -.43
K1 -.51 -.05 -.13 -.15 -.36

1

i.
4

.

%shington, D. C.; speclnensfacingsouthonracksincl.imedalv45°.
%ethod.No. 6023,FederalSpecification L-P-406a(reference2).

~“ --,

cSpecimens cut lengthwise. ‘

%peclmens cut crosswise.
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mELElv. - cmml?9 IN ImExmKL EmElwEI,

AND MAXIMOMDEFLEOTIOI?IN FLEXURE03’

OUTOO~ AND AOOEMRATED ~ T=TS

MODDIW OF ELASTICITY,

PIwrros DuFmG

Ohange during CIMZWC@during accelerated

Material D3itialstrength outdoor weatheringtest

(lb/s in.),modulus weatheringtest, (b)
desig-
nation (lb~sqin.) or

t
2 ye==

deflectionnils) (perc&) 5 10
cycles
(percent) (~%!~e%)

l’lexuralstrength

M 12,700 -13.4 -8.7 -25.9
Bl~ 42,6oo -37.6 -14.3 -18.5
~d 29,000 -39●3 -13.1 -15.9
c1 25,100 -3593 -4.6 -7*7
Ill. 23,~0 -24.3 -4.7 -4.3
m 34,100 -2.6 -17.9 -U .1
3’1 16J100 -20.5 -15.5
El 13,100 -2JI.4 -;:: -6.“9
SL 22,900 -24.9 -6:; -8.3
Z1 17,400 -18.4 -1.2
Kl 9,000 8.6 1.1 3●3

Modulusof elastici+qin flenrce

Al 1,170,000 -40.2 -41.7 -47.2
Blc 3,363,000 -34.8 -16.3 -18.9
B@ 1,845,000 -27.8 -20.0 -23*9
c1 2,567,000 -29.4 -u .5 -16.0
D1 :>gm,og -18.1 -10.6 -10.9
m. -7.1 -14.4 -U .6
m ‘706~ooo 2.0 -4-i2 -8.8
m 652,000 -25.3 -17.5 -17.9

1,238,000 -18.2 -10.5 -14.7
: 1,121,000 -22.1 -22.0 -25.3
KL 9%,000 -1.9 u.6 13.8

Maximumdeflectioninf’lexure

Al 24.0 41.7 43.3 4;.;
Ill= 26.4 -2.6 11.4
~a 31.0 .0 21.9 38:7
c1 27.4 .0 24.1 23.4
D1 a. 5 -1o.2 10.i’
m 45.7 4;:; 18.8

72.7 -3;:; -8.2
E 68.2 -40.2 -U 3.7
U 65.2 -18.4 -8.9 -1.5
in. 41.2 -13.8 1.4.8 16.5
KL 21-.O 6.2 -3.8 -4.8

.

;/-

%&hington, D. C.3 specimensfacingsouthon zaaka~Mn*” at 45°.
&% .$t2~g~W;~oSpecMimtion L-P-k06s(referenoe~). w “’”--

‘%~ec~ns cutorosswlse.


